BACKGROUND: Iron is essential for many physiological processes; whereas, iron overload has been known as a risk factor in progression of atherosclerosis. The aim of this study was to investigate the importance of serum ferritin levels, which are known as an indicator of body iron stored in the incidence of coronary artery disease (CAD).
Introduction
Cardiovascular disease (CVD) is the single largest cause of mortality in the world and results from the combination of environmental and genetic factors. 1, 2 In this respect, though iron is essential for many physiological processes, iron overload has been known as a risk factor in progression of atherosclerosis. 3, 4 Excessive iron is capable of stimulating the progression of atherosclerotic lesions, to catalyze the production of free radicals, and to promote lipid peroxidation by reducing the levels of antioxidants in plasma; therefore, it can be associated with the progression of atherosclerosis and increase in the risk of ischemic cardiovascular events. 5, 6 Epidemiological studies have provided contradictory results regarding iron stores and subsequent atherosclerosis and coronary artery disease (CAD). 5, 7, 8 For example, Klipstein-Grobusch et al. observed an independent relationship between serum ferritin levels and carotid atherosclerosis. 8 In addition, another study revealed that iron is an important factor in the process of atherosclerosis. 9 However, Knuiman et al., with a 17-year follow-up study in Australia, evaluated the association between serum ferritin level and coronary heart disease (CHD) and stroke events. The results of their study
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Pourmoghaddas, et al. did not show any evidence in relation to ferritin level as a risk factor for CVD. 4 Another investigation proposed that excessive body iron stores are not associated with the risk of CHD in women. 10 To our knowledge, in this respect no comparison was made between patients with CAD, according to the injured vessels, and individuals without CAD. We consequently undertook to further investigate the hypothesis of a link between iron and cardiovascular disease by analyzing the association of serum ferritin levels, as an indicator of body iron stores, with CAD in the Iranian male population, and comparing the differences between patients with CAD, according to the number of injured vessels, and individuals without CAD.
Materials and Methods
In a case-control study, we randomly evaluated 481 men who underwent coronary angiography at the Isfahan referral center for cardiac patients, Chamran Hospital, Iran, from May 2010 until January 2011. In this case-control study, participants were separated into two groups by simple sampling. The case group comprised of 223 patients with CAD if one or more coronary arteries had a stenosis ≥ 50% and the number of significant stenosis vessels were also recorded. The control group comprised of 258 individuals without CAD according to their angiography data and if there was no significant epicardial artery stenosis. The risk of CAD was assessed by the cardiologist through watching selective coronary angiography. Of all of the participants, 432 were considered eligible for participating in the study, 212 in the case group and 220 in the control group. We excluded individuals with a recent history of surgery and acute or chronic inflammatory diseases, such as inflammatory bowel disease (IBD), and rheumatoid arthritis, gastric ulcer, cancer, viral or liver disease, and those who took iron and vitamin supplements. In addition, patients with thalassemia and hemochromatosis were excluded from the study. All subjects completed the questionnaire including medical history and smoking after giving a written informed consent. Mean diastolic and systolic blood pressures were calculated from two independent measurements, each of which was taken with the subject in a supine position after 10 minutes of rest. The blood samples were taken after 12-14 hours of fasting for measuring hematologic indexes, fasting blood sugar, and serum lipids by standard clinical laboratory procedure. Serum lipids, including triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) using enzymatic methods, and low density lipoprotein cholesterol (LDL-C), were calculated according to the Friedewald et al. formula. 11 Serum samples were collected from the case and control subjects simultaneously and frozen at -20ºC until used to determine serum ferritin levels, serum iron, and total iron-binding capacity concentrations (TIBC). Serum ferritin concentration was determined by enzyme-linked immunoassay (Ideal Company). The CVs were 2.8%, 4.0%, and 10.4% for ferritin concentrations of 389, 139, and 27 mg/l, respectively. Serum iron and TIBC were determined by photometry with an eppendorf patient oriented system (EPOS) Chemistry Analyzer. The research protocol was taken under the medical ethics standards and was approved by the Medical Ethics Committee of Isfahan University of Medical Sciences.
Chi-square test and Student's t-test were used to compare case and control groups. For considering the differences in the variables in the patients with the number of involved arteries, one-way ANOVA was employed. The logistic regression was used to estimate the incidence of CAD as dependent variable and serum ferritin as independent variable, adjusted for age, hypertension, diabetes, hyperlipidemia, and smoking. Numerical values were expressed as mean ± standard deviation. P-values less than 0.05 were considered as statistically significant.
Results
In the present study 432 men were evaluated; they were divided into individuals with CAD (n = 212, mean age = 58.76 ± 11.01 years) and individuals without CAD (n = 220, mean age = 52.16 ± 12.72). Chi-square test and Student's t-test were used to compare case and control groups (Table 1 ). Significant differences were seen in ischemic heart disease, diabetes, hyperlipidemia, hypertension, smoking, and serum ferritin between the two groups. However, significant differences were not observed in other variables. In addition, we compared patients with CAD according to the number of injured arteries. In this section, we employed one-way ANOVA and outcomes showed that these three groups (injury in one vessel, two vessels, and three vessels) did not have any significant differences in serum ferritin, serum iron, and serum total iron binding capacity (TIBC) ( Table 2) .
Results revealed that CAD was associated with serum ferritin levels when age, diabetes, hypertension, hyperlipidemia, and smoking were included in the model. It showed that the case group that had serum ferritin ≥ 200 had a four-fold higher risk of atherosclerosis than the control group (Table 3) . 
Discussion
Ferritin is an iron storage protein. Serum ferritin concentrations are directly proportional to intracellular ferritin concentrations; therefore, it is considered to be the best indicator of body iron stores. This casecontrol study revealed that excess serum ferritin is associated with atherosclerosis in Iranian males with coronary artery disease. In addition, findings showed that the risk of high serum ferritin persisted when other risk factors such as age, hypertension, diabetes, hyperlipidemia, high LDL-C, and smoking were adjusted in the model. Moreover, results indicated that men with CAD and serum ferritin concentration ≥ 200 ng/ml had a four-fold higher risk of atherosclerosis than healthy men. Therefore, elevated serum ferritin level may have an independent adverse effect on the incidence of atherosclerosis in patients with CAD. No significant statistical difference was seen in patients with single vessel, double vessels, and triple vessels disease regarding serum iron, serum ferritin, and serum TIBC. Furthermore, lack of a significant statistical difference in the other parameters such as serum iron, TIBC, and transferrin saturation, which are involved in iron homeostasis, can be attributed to the laboratory errors, the diurnal changes, and the hemolysis of blood samples. [10] [11] [12] Many epidemiological studies have considered the association of iron status and CVD; however, contradictory results have been presented. Haidari et al. concluded that high stored iron concentration, as assessed by serum ferritin, is a strong and independent risk factor for premature CAD in the male Iranian population. 13 Other studies proposed elevated serum ferritin concentrations to be associated with increased risk of CVD and myocardial infarction in elderly population, and that it is the leading cause of death and illness in the world. 8, 14 A review article suggested strong epidemiological evidence is available that iron is an important factor in processing of atherosclerosis. 9 Salonen et al. demonstrated that a ferritin concentration ≥ 200 mg/l was associated with a 2.2-fold increase in the risk of acute myocardial infarction in men after adjustment for other risk factors. 15 Many studies suggested that elevated serum ferritin increased the risk of atherosclerosis in the presence of other risk factors. Ferritin can act as a catalyzer in the production of oxygen free radicals and lipid peroxidation and play a role in the formation of oxidized LDL. [16] [17] [18] Oxidation of LDL causes the accumulation of lipids in endothelial and smooth cells, and prevents macrophages from leaving the arterial wall. Thus, these effects promote the atherosclerosis lesion. 1, 2, 9 On the other hand, there are many investigations that were inconsistent with our findings. Armaganijan and Batlouni suggested that serum ferritin and other organic iron indicators were neither risk factors nor risk markers for coronary atherosclerosis and serum iron levels were higher in the group without atherosclerosis. 19 Auer et al. showed that higher ferritin concentrations and transferrin saturation levels were not associated with an increased extent of coronary atherosclerosis in patients who referred for coronary angiography. 7 It could be mentioned that these conflicting results may be due to the large variability in estimates of iron stores, which included serum iron, serum ferritin, serum transferrin, and etcetera, the diversity methods in the diagnosis of atherosclerosis, and the variability in the size of demographic samples. [19] [20] [21] The strengths of this study are the large sample size and the exclusion of participants with known diseases and supplementations usage at baseline which reduced potential for some biases. The limitation of this study is that it was conducted in men only and thus the results may not be generalized to women.
In conclusion, high stored iron concentration, as assessed by serum ferritin, was associated with the increased risk of CAD, while the number of injured vessels in these patients did not have any association with the progression of disease. In addition, it should be noted that high stored iron concentration was a strong and independent risk factor in the incident of atherosclerosis in the Iranian male population.
